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Abstract 
When forming and optimizing passenger rolling stock fleet it is important to properly assess the reliability of the introduced 
rolling stock. The article analyses certain patterns of reliability indicators for diesel trains “PESSA 630M” which were purchased 
and put into operation by JSC “Lithuanian Railways” and proposes the method how to compare the reliability indicators of 
rolling stock of the same type. It also examines the possibility to compare rolling stock reliability indicators ac-cording to 
comparison techniques applied in the assessment of economic processes as well as gives reliability indicators’ comparison 
examples. 
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1. Introduction 
When composing and optimizing passenger rolling stock fleet it is important properly assess the reliability of the 
introduced rolling stock. Reliability determines the need of repairs and technical maintenance as well as costs. 
Having purchased the new rolling stock during their operation various their reliability indicators’ patterns are 
noticed. Analyzing these patterns the tested research methods are normally applied: failure stream, failure or failure 
free operation probability is calculated, its density, density function which is integrated in the necessary strips. 
Analyzing the statistics of rolling stock (and machine in general) reliability indicators’ statistics greater focus is on 
indicators’ average values. The aim of present research is to provide methodology for evaluation differences of 
reliability indicators of different rolling stock. When introducing new rolling stock into the fleet their reliability 
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indicators at the beginning of operation fluctuate more and after rolling stock running-in the indicators stabilize 
around average (Gelumbickas et al. 2011, Gelumbickas et al. 2013). Having methodology for the evaluation of 
reliability indicators’ differences it is possible to evaluate running-in quality of rolling stock fleet. That is, whether 
rolling stock reliability for all rolling stock is gradually comes to the average or there are any rolling stock whose 
reliability indicators stand out from the rest. This method differs from other conventional ones because the authors 
suggest using Sharpe ratio applied in economic sciences. Sharpe ratio in economic sciences is applied to assess 
differences of investment growth (in different investment portfolios). In this case it is suggested to apply it 
considering the differences of rolling stock reliability indicators change (in different vehicles), thus assessing the 
running-in of rolling stock. 
2. Process of research 
The article describes research carried in JSC “Lithuanian Railways” with 6 newly purchased and put in operation 
carriages of PESSA 630M diesel trains. They are being operated attached by two into 3 diesel trains. Failures due to 
which the carriage was stopped for repairs were registered (for each carriage). Number of failures for one carriage 
thousand km was calculated for each carriage according to mileage intervals (every 50 thousand km), (Maintenance 
of Rolling Stock – General. Chapter II, Indian Railways 2012, Medvedev et al. 2011): 
 
R
N
=N F
1000
1000 ,  (1) 
here: NF – number of carriage failures, R1000 – carriage mileage, thousand km. 
This number of failures according to rolling stock and mileage intervals is presented in Fig. 1. 
Carriages are normally operated in pairs (e.g. 004-A and 004-B makes up a train). As the trains were put in 
operation not long ago, not all the carriages have failure statistics in all mileage intervals. The intervals from 
100 000 to 150 000 and from 150 000 to 200 000 km of mileage are more informative than others and they involve 
more data. For simplified analysis average number of failures per vehicle per 1 000 km is sufficient (according to 
mileage intervals). It is presented in Fig. 2. 
 
       
 Fig. 1. Number of failures per vehicle per 1000 km, according  Fig. 2. Average number of failures per vehicle 
 to rolling stock and mileage intervals. per 1000 km. 
Average number of failures per vehicle per 1000 km is the highest in mileage interval from 100 000 to 
150 000 km. The reasons for this can be clarified analyzing data according to carriages. They are marked as 004-A, 
004-B, 005-A, 005-B, 006-A and 006-B. In the mileage interval from 50 000 to 150 000 the data of 005-A, 005-B, 
006-A, 006-A and 006-B carriages is analyzed (Fig. 3 and 4). 
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Having analyzed the number of failures per vehicle per 1000 km according to rolling stock in mileage interval 
from 50 000 to 150 000 km in carriages 005-A, 005-B, 006-A and 006-B it becomes evident what determined the 
maximum of this indicators’ average in Fig. 2. It is 005-B carriage failure number when mileage is 
144 thousand km. The change of failure number of trains composed from 006-A and 006-B carriages is intense and 
makes up a defined spreading field. Fig. 5 and 6 analyze mileage after 150 000 km. 
 
      
 Fig. 3. Average number of failures per vehicle per 1000 km  Fig. 4. Average number of failures per vehicle per 1000 km 
 according to rolling stock in mileage range from 50 to  according to rolling stock in mileage range from 50 000 to 
 150 thousand km (carriages 005-A and 005-B). 150 000 km (carriages 006-A and 006-B). 
     
 Fig. 5. Average number of failures per vehicle per 1000 km  Fig. 6. Average number of failures per vehicle per 1000 km 
 according to rolling stock in mileage range from 150 000  according to rolling stock in mileage range from 150 000 
 to 250 000 km (carriages 005-A and 005-B). to 250 000 km (carriages 004-A and 004-B). 
Analyzing the data from Fig. 5 and 6 it is clear that number of failures per vehicle per 1000 km according to 
rolling stock ranges from 150 000 to 250 000 km normally is until 0.5 and only rare cases stand out from the rest. 
Those rare cases are a few failures that occur within a small mileage interval.  
Generally, the data from Fig. 3, 4, 5 and 6 explain failure number averages presented in Fig. 2. In order to assess 
running-in quality of the rolling stock fleet (whether rolling stock reliability for all vehicles gradually comes to the 
average or there are any rolling stock whose reliability indicators stand out from the rest) it is necessary to return to 
the data of Fig. 1. In mileage range from 100 000 to 150 000 and from 150 000 to 200 000 km number of failures 
per vehicle per 1000 km distribution according to rolling stock the authors of the article propose to evaluate by 
Sharpe ratio. 
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3. Sharpe ratio  
Sharpe ratio is applied in economic sciences to assess investment growth differences (in different investment 
portfolios). In this case it is proposed to apply it considering rolling stock reliability indicators’ change (in different 
rolling stock) differences. Sharpe ratio is calculated by adding risk-free rate of return from return rate on investment 
and the given result multiplying from investment risk standard average deviation (Stankevičienė et al. 2012): 
σ)/R(RSR bf −= ,  (2) 
here: Rf – the average annual rate of return; Rb – risk-free rate of return; σ – Fund return average annual rate standard 
average deviation. 
Risk-free rate of return is normally understood as return average: 
n
R
R ib
∑
= ,  (3) 
here: Ri  – i fund return; n – number of funds. 
Fund return average annual rate standard average deviation is calculated according to average square deviation 
formula (Vaičiūnas et al. 2012): 
( )bi RR
n
−=∑
1
σ .  (4) 
Sharpe ratio indicates the amount of return on investment per one investment venture unit (standard deviation). 
Normally all these rates are measured by monetary terms (euros, USA dollars, franks, etc.), therefore ratio in 
formula (2) is nondimensional value. It is one of typical features of similarity criteria. This feature allows applying 
Sharpe ratio to control the value change in other areas. This indicator can be used to assess, for instance, the 
distribution of number of failures (per mileage unit) in different types of rolling stock. When mileage changes it is 
possible to monitor the distribution change of this indicator. This allows to see whether failure stream of all the 
rolling stock approaches the average or there are any type of rolling stock which “are not tend to be run-in”. 
According to the data of Fig. 1 the distribution of number of failures per vehicle per 1000 km can be made up to the 
rolling stock whose mileage is from 50 000 to 150 000 km. It is presented in Fig. 7. 
In formula (2) instead of fund return average annual rate (Rf) number of failures per 1000 km is used; instead of 
risk-free rate of return (Rb) – the average of this failure number and instead of fund return average rate annual 
standard average deviation (σ) the average standard deviation of number of failures per 1000 km is used. Sharpe 
ratio (for four carriages) in mileage interval from 50 000 to 150 000 km is presented in Fig. 8. 
 
   
 Fig. 7. The distribution of number of failures per vehicle per 1000 km according Fig. 8. Sharpe ratio in mileage interval from 50 000 to 
 to rolling stock whose mileage ranges from 50 000 to 250 000 km. 150 000 km. 
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According to the data of Fig. 8 it is evident that the deviation of number of failures of carriage 005-B (per 
1000 km) from the average accounts for 0.612 in comparison with average square deviation (which is the biggest 
deviation in the analyzed mileage interval). In order to evaluate the size of the deviation it is necessary to compare 
the values of the criteria with the corresponding criteria values of other mileage interval. The distribution of number 
of failures per vehicle per 1000 km according to rolling stock whose mileage ranges from 150 000 to 250 000 km is 
presented in Fig. 9. 
According to the data of Fig. 9 and formula (2) the calculated Sharpe ratio in mileage interval from 150 000 to 
250 000 (for five carriages) is presented in Fig. 10. 
 
       
Fig. 9. The distribution of number of failures per vehicle per 1000 km according Fig. 10. Sharpe ratio in mileage interval 
 to rolling stock whose mileage ranges from 150 000 to 250 000 km. from 150 000 to 250 000 km. 
According to the data in Fig. 10 it seems that number of failures of 004-B carriage (per 1000 km) in mileage 
interval from 150 000 to 250 000 km the deviation from the average accounts for 1.784 in comparison with the 
average square deviation. Commenting the data in Fig. 8 and 10 it should be noted that in mileage interval from 
50 000 to 150 000 km the spread of failure number values was higher than in the interval from 150 000 to 
250 000 km. Therefore, as mileage increases, the failure number spread (per 1000 km) decreases and it becomes 
evident which carriage’s failure number approaches the average at the slowest rate. The conclusion can be drawn 
that 004-B carriage is the most difficult to run-in. 
To summarize the findings of the research it should be stated that Sharpe ratio can be applied not only as the 
criterion to assess economic processes (to evaluate effectiveness of investment), but also to evaluate depreciation of 
technical vehicles (e. g. railway carriages) or run-in. According to the values of this criterion it can be distinguished 
when one or another depreciation pattern stabilizes among the investigated objects and for which objects it stabilizes 
faster and for which harder. 
4. Conclusions 
1. When applying Sharpe ratio it is possible to detect the vehicle whose number of failures (or failure stream), as 
the mileage increases, approaches the average at the slowest rate. In other words it is possible to identify the 
vehicle that is the most difficult to run-in. 
2. To identify the rolling stock that is the most difficult to run-in Sharpe ratio suits more, because it compares 
every vehicle’s number of failures not with failure number average but with deviation’s average (more 
precisely, with average square deviation). 
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